As a patient safety measure, the reporting of critical laboratory results, sometimes called panic values, is a widespread practice now required by accrediting bodies. Critical results are considered results that indicate the patient is in imminent danger unless appropriate treatment is started promptly. 1 Data, however, are not readily available to determine the effectiveness of inclusion of a given analyte on a critical value list or at what concentration a result should be considered critical. Changes in the critical limits used can lead to an increase in the number of required phone calls without concomitant improvement in patient care or, in contrast, can cause failure in notifying clinicians of potentially harmful situations.
As a patient safety measure, the reporting of critical laboratory results, sometimes called panic values, is a widespread practice now required by accrediting bodies. Critical results are considered results that indicate the patient is in imminent danger unless appropriate treatment is started promptly. 1 Data, however, are not readily available to determine the effectiveness of inclusion of a given analyte on a critical value list or at what concentration a result should be considered critical. Changes in the critical limits used can lead to an increase in the number of required phone calls without concomitant improvement in patient care or, in contrast, can cause failure in notifying clinicians of potentially harmful situations.
Most clinical laboratories include total serum sodium in their critical value lists, albeit at different concentrations. For serum sodium, Kost 2 reported the low range for critical value limits as 110 to 130 mEq/L (110-130 mmol/L) and the range for high critical limits as 150 to 170 mEq/L (150-170 mmol/L). More recently, critical values used for serum sodium also were found to vary significantly among hospitals in the United States. Of laboratories reporting critical serum sodium results, 50% used values at or less than 120 mEq/L (120 mmol/L) as the lower limit and at or more than 160 mEq/L (160 mmol/L) as the higher limit. 3 We studied clinician responses and patient outcomes for serum and whole blood sodium results using 120 mEq/L (120 mmol/L) or less for the lower and 155 mEq/L (155 mmol/L) for the upper critical value limits.
Materials and Methods
For a 6-month period, serum and whole blood sodium results were evaluated as part of a quality assurance project on reporting critical values. Serum and whole blood sodium assays were performed using automated chemistry analyzers (Roche MODULAR, Indianapolis, IN, and Radiometer 735, Carlsbad, CA, respectively). The reference range for serum sodium was 135 to 145 mEq/L (135-145 mmol/L) and as approved by our medical board; the critical sodium results were 120 mEq/L (120 mmol/L) or less and 155 mEq/L (155 mmol/L) or more for the low and high values, respectively.
Sodium results from our laboratory for patients seen by clinicians at other medical centers were excluded from the data. The electronic records of patients with results in the critical value ranges were evaluated for the following clinical variables: patient age, time of clinician response to critical result, diagnosis, length of stay, and whether the patient died. Spurious results such as may have been caused by contamination with intravenous fluids were not excluded from the study. As per policy, critical results were called to clerks, nursing personnel, or physicians. The times of the calls and the names of the people receiving the calls were documented in the laboratory computer system. Response to a critical result was defined as reordering serum or whole blood sodium levels or treatment of the underlying disorder as documented in the electronic medical record. In addition, the number of sodium results and number of patient results in other ranges were enumerated.
Results
Of the 111,545 serum and whole blood sodium results reported during the study period, 613 (0.5%) were critical ❚Table 1❚. There were 166 critically low results (≤120 mEq/L [120 mmol/L]) from 62 inpatients and 9 outpatients. The lengths of stay (LOS) for 40 (65%) of the inpatients with critically low sodium results were 6 days or longer ❚Table 2❚. The average LOS for the year in which the study occurred was 5.58 for general care, ie, for all except psychiatric and rehabilitation medicine patients.
In patients with hyponatremia, the most common diagnoses were diabetes mellitus (n = 19) and HIV infection (n = 9). ❚Table 3❚ shows when the critical values were acted on by reordering serum or whole blood sodium levels or by treating the patient for hyponatremia. In hyponatremic patients, critical results were acted on within 4 hours 63% of the time. Of the 71 patients with critically low sodium results, 12 (17%) died; 2 died before further action was undertaken.
Of 101 patients with critically high sodium results, 97 results were from inpatients and 4 from outpatients. The LOS for 82 (85%) of 97 hypernatremic inpatients was 6 days or longer ( Table 2 ). In the hypernatremic patients, the most common diagnosis was diabetes mellitus. ❚Table 4❚ shows the data for when the critical values were acted on by reordering serum or whole blood sodium levels or treating the hypernatremia. In 66% of hypernatremic inpatients, results were acted on within 4 hours of the critical results call. Of the patients with critically high sodium results, 47 died during the study period. Limits chosen for any critical result not only influence patient care but also impact the institution's workload. Calling critical values is labor-intensive for laboratorians and clinicians, with a mean time of 6.1 minutes required for laboratory personnel to complete a critical value call for hospital inpatients and 13.7 minutes for outpatients. 3 Disorders of sodium are the most common electrolyte disturbances seen clinically. 7 Sodium, which is the predominant extracellular cation, normally is controlled physiologically in the range of 135 to 145 mEq/L (135-145 mmol/L) despite large variations in salt and water intake. Osmolality is regulated by hypothalamic osmoreceptors controlling antidiuretic hormone secretion and by renal control of natriuresis. Both hyponatremia and hypernatremia can result from a wide variety of disorders and occur frequently, especially in hospitalized patients. In a survey of laboratory critical values policies, the median lower limit for critical sodium results was 120 mEq/L (120 mmol/L) and the median upper limit was 160 mEq/L (160 mmol/L). 3 A recent study using these median limits found 0.2% of sodium results were critical. 8 In our study with the upper critical limit of 155 mEq/L (155 mmol/L) or more, we found 3 times as many critical results, with most of the increase owing to results in the 155 to 159 mEq/L (155-159 mmol/L) range.
The incidence of hyponatremia in hospitalized patients varies from 1% to 15%, depending on the definition used. 9 Severe hyponatremia occurs in a variety of conditions, including in the syndrome of inappropriate antidiuretic hormone secretion. The signs and symptoms of hyponatremia are related to the severity and rapidity with which hyponatremia develops. 9 The clinical features of hyponatremia are linked to cerebral edema, with the severity of symptoms depending on the rate and extent of decrease in serum sodium. Symptoms of hyponatremia include nausea, vomiting, headache, confusion, seizures, and coma.
Hyponatremia with a sodium level of 120 mEq/L (120 mmol/L) or less that develops in less than 48 hours is defined as acute and severe. 10 Serum sodium results less than 115 mEq/L (115 mmol/L) or rapid reduction in serum levels may lead to coma and death. 11 In symptomatic patients with hyponatremia lasting for more than 48 hours, correction should be slow to avoid the osmotic demyelination syndrome.
Stable, asymptomatic hyponatremia does not require aggressive treatment, especially if the serum sodium level is more than 120 mEq/L (120 mmol/L). 12 In 63% of cases, we found critical low sodium results were acted on within 4 hours. The response times recorded, however, do not necessarily reflect all clinical interventions that may have occurred because there was no means to assess water restriction. In addition, we did not consider insulin administration as a treatment for hyponatremia, even though the most common cause of translocational hyponatremia is hyperglycemia, and many of our patients had diabetes mellitus. Using 120 mEq/L (120 mmol/L) as the lower critical limit appears to be reasonable because patients usually are not symptomatic until serum sodium levels are less than this value. Changing the critical limits would dramatically increase the number of required calls; for example, increasing the lower sodium limit to 125 mEq/L (125 mmol/L) would have generated more than a 3-fold increase (>600 calls) in our laboratory during this 6-month study. Although hypernatremia has been reported to be less common than hyponatremia, 13 we found that severe hypernatremia occurred more frequently than severe hyponatremia (Table 6 ). Hypernatremia occurs because of net water loss or, less commonly, hypertonic sodium gain and, thus, is associated with hyperosmolality. The intense thirst produced by hypernatremia may be absent in patients with altered mental status, hypothalamic lesions, and infants or elderly persons. Severe symptoms of hypernatremia usually are associated only with acute rises in the serum sodium to a concentration more than the 158 to 160 mEq/L (158-160 mmol/L) range. 7 Symptoms of hypernatremia include anorexia, muscle weakness, nausea and vomiting, lethargy, stupor, and coma. Serum sodium results greater than 160 mEq/L (160 mmol/L) are associated with a 75% mortality in adults. 13 Because serious clinical manifestations do not usually occur until serum sodium results are in the 158 to 160 mEq/L (158-160 mmol/L) range, using 155 mEq/L (155 mmol/L) as the upper critical value limit seems reasonable.
The LOS was prolonged in the hyponatremic and hypernatremic groups, indicating the severity of illness was greater in these groups than average. There was high mortality in both groups, but especially in the hypernatremic group, in which 48% of patients died. Most patients who died had sodium results within 5 mEq/L (5 mmol/L) of the critical limits. There is a question as to whether hyponatremia and hypernatremia are risk factors for death or are associated with other conditions that raise the risk of death. For hyponatremic and hypernatremic patients, results were responded to rapidly in the majority of patients. Moreover, as the results became farther from the reference range, repeated testing increased (Table 6) . In consideration of all data, it does not seem warranted to broaden our critical limits for serum and whole blood sodium levels. The majority of laboratories use 160 mEq/L (160 mmol/L) or more as their critical limit. 3 Because 56% of inpatients with results in the 155 to 159 mEq/L (155-159 mmol/L) died, we recommend that laboratories using critical limits of 160 mEq/L (160 mmol/L) or more evaluate their patient populations to determine whether lowering their critical limit to 155 mEq/L (155 mmol/L) is warranted.
